Syndromic surveillance can only produce meaningful results if there is a common understanding of what observations constitute a syndrome and consequently how a syndrome relates to diseases that may cause those observations. However, the constituent elements of syndromes, such as "flulike illness," are poorly characterized and rarely explicitly defined by surveillance system developers. We describe here a preliminary ontology for the creation of bioterrorism syndrome knowledge bases that will facilitate sharing and comparison of knowledge independent of a particular system or research group. In addition, we have created an inference heuristic problem-solving method that can relate indirect measurements of disease to diseases of interest. Our ontology enables precise enunciation of forms of evidence required to diagnose a syndrome. The ontology contains six major categories: syndrome, syndrome modifier, system affected, sign/symptom, direct supporting evidence, and indirect supporting evidence. We have instantiated the ontology for the syndrome "bioweapon respiratory illness." The inference heuristic can use the elements of this ontology to combine direct measurements into meaningful abstractions. Each sign and symptom has a defined, explicit relationship to supporting direct and indirect evidence, like measured temperature or a patient's chief complaint. Similarly, the presence of a syndrome can only be inferred if illness within requisite body systems can be substantiated by the presence of symptoms. We propose that all developers of syndromic surveillance systems explicitly define their syndrome concepts using a standard ontology. Syndrome definitions can be stored as instantiated knowledge bases in a common central repository, permitting knowledge sharing and reuse. Surveillance of prediagnostic "nontraditional" data sources (e.g., school absenteeism, pharmaceutical sales, emergency medical services calls) is expected to enhance the timeliness of epidemic detection. However, prediagnostic data are not as specific as diagnostic data, so multiple sources must be followed to reduce false-positive detections. Combined analysis of multiple nontraditional data sources requires knowledge about the relationships between data sources, but knowledge of these relationships is often qualitative and uncertain. Statistical methods perform well for focused analyses of quantitative data according to well-defined models. However, statistical models do not readily incorporate qualitative data and can become unwieldy as the number of parameters grows. A knowledge-based approach requires explicit representation of surveillance knowledge and tasks and enables knowledge to be applied to problem solving in a structured manner. Our research approach is to model the tasks involved in public health surveillance and the knowledge required to accomplish these tasks. Based on these models, we identify or develop problem-solving methods (PSMs) that accomplish surveillance tasks. This modular development approach enables controlled evaluation of different PSMs and knowledge representations in terms of epidemic detection and impact on decision making around interventions. Prototype methods have been implemented i130 ABSTRACTS for detection of syndromes in individuals using a heuristic approach, normalization using Kalman Filtering, and epidemic detection using a Gaussian Bayesian belief network. Based on our experience with these prototypes, we are beginning to formally model surveillance knowledge requirements, implement additional PSMs, and develop an evaluation framework.
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Surveillance of prediagnostic "nontraditional" data sources (e.g., school absenteeism, pharmaceutical sales, emergency medical services calls) is expected to enhance the timeliness of epidemic detection. However, prediagnostic data are not as specific as diagnostic data, so multiple sources must be followed to reduce false-positive detections. Combined analysis of multiple nontraditional data sources requires knowledge about the relationships between data sources, but knowledge of these relationships is often qualitative and uncertain. Statistical methods perform well for focused analyses of quantitative data according to well-defined models. However, statistical models do not readily incorporate qualitative data and can become unwieldy as the number of parameters grows. A knowledge-based approach requires explicit representation of surveillance knowledge and tasks and enables knowledge to be applied to problem solving in a structured manner. Our research approach is to model the tasks involved in public health surveillance and the knowledge required to accomplish these tasks. Based on these models, we identify or develop problem-solving methods (PSMs) that accomplish surveillance tasks. This modular development approach enables controlled evaluation of different PSMs and knowledge representations in terms of epidemic detection and impact on decision making around interventions. Prototype methods have been implemented for detection of syndromes in individuals using a heuristic approach, normalization using Kalman Filtering, and epidemic detection using a Gaussian Bayesian belief network. Based on our experience with these prototypes, we are beginning to formally model surveillance knowledge requirements, implement additional PSMs, and develop an evaluation framework.
SECTION IV: STATISTICAL METHODOLOGIES
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A primary objective of syndromic surveillance is to find as quickly as possible any significant increase in the rates of syndromes of interest. One way to achieve this is to use cumulative sum methods; such methods are commonly used in industry to detect unwanted changes in industrial processes, and they fall within the more general category of statistical process control methods. Cumulative sum (CUSUM) methods operate by accumulating deviations between observations and expectations. When these cumulated deviations exceed some predefined threshold, an alarm is sounded to indicate an increase in the mean of the underlying variable of interest. Daily data were available on the number of visits made by patients residing within given census tracts to clinicians in the Boston, Massachusetts, area for lower respiratory infections. Expected counts were modeled for the period 1996-1998 using logistic regression and using month, weekday/weekend, and a time trend as covariates. In general, weekends and summer months result in lower odds of office visits in comparison with weekdays and winter months. The observed counts were then compared with the expected counts using the cumulative sum method. The small daily counts suggest that a Poisson CUSUM be employed, for which the expectations vary over time. The method outlined can be extended to account for the fact that observed counts typically exhibit more variability than a Poisson model would suggest. The current approach detects increases in specific regions; a next step is to allow for the possibility that small clusters of geographic regions witness increases in rates.
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The spatial scan statistic is commonly used for geographical cluster detection, cluster evaluation, and disease surveillance. Recent use includes daily analyses of syndromic emergency room data for the early detection of disease outbreaks in New York City. Whether an outbreak is due to a natural cause or a bioterrorism attack, this system enables city health officials to investigate the outbreak as early as possible and, if necessary, to rapidly implement disease prevention and control measures. When applying the spatial scan statistic, it is natural to use a circular scanning window to define the potential cluster areas since the circle is the most compact shape that can be obtained. Other shapes are also possible, such as
